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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

THE LATERAL CONTROL CHARACTERISTICS OF CONSTANT -PERCENT - 
CHORD TRAILING-EDGE ELEVONS ON A POINTED WING OF 
ASPECT RATIO 2 AT MACH NUMBERS UP TO 0-95 
By Verlin D. Reed and Donald W. Smith 

SUMMARY 


An investigation has been made to determine the lateral control 
characteristics of constant-percent-chord trailing-edge elevons on a 
tailless wing-body combination having a pointed wing with an aspect ratio 
of 2. The effectiveness of inset tabs in reducing the eleven hinge 
moment was also determined. 

Data presented include the lift^ drag, pitching moment, rolling 
moment, eleven hinge moment, tab hinge moment, eleven load, and center 
of pressure of eleven load. The data are presented for a range of angles 
of attack, elevon deflection, and tab deflection at a Reynolds number of 
3-0 million and at Mach numbers up to 0.95* At a Mach number of 0.24, 
data were also obtained at Reynolds numbers up to 15-0 million. 

The lift and pitching-moment effectiveness of the elevons decreased 
with an increase in differential elevon deflection. The effectiveness 
of the elevons in producing rolling moment increased with increasing 
Mach nxrnber but decreased with a change in mean elevon deflection from 
0° to -10°. 

The data were used to estimate the lateral control characteristics 
of an assumed airplane, geometrically similar to the model. Two different 
types of lateral control systems were considered for the analysis: a 

direct elevon control and a servotab control. The elevons were found to 
be capable of producing a wing-tip helix angle of 0.09 radian for the 
assumed airplane at all Mach numbers with a differential elevon deflection 
of about 9° or less. The stick forces calculated from experimental data 
required to maintain a steady roll in level flight were greatly reduced 
by using the servotab control instead of the plain-elevon control. 
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INTRODUCTION 


Research is in progress at various NACA facilities to determine the 
aerodynamic characteristics of flap-type trailing-edge elevens on low- 
aspect-ratio wings at both subsonic and supersonic speeds. The effects 
of eleven plan form and of trailing-edge profile on the aerodynamic char- 
acteristics of elevens on a thin triangular wing having an aspect ratio 
of 2 have been investigated at high subsonic and low supersonic speeds 
and have been reported in reference 1. The results of an investigation 
to determine the static longitudinal stability and control characteristics 
of constant-percent-chord, flap-type, trailing-edge elevens on a pointed 
wing having an aspect ratio of 2 have been presented in reference 2. 

With the model which was used for the tests reported in reference 2, 
an investigation has been conducted in the Ames 12-foot pressure wind 
tunnel at Mach numbers up to 0.95 'to determine the lateral control char- 
acteristics of the elevens and the effectiveness of inset tabs in reducing 
the eleven hinge moment. The results of these tests are reported herein. 


NOTATION 


b wing span, ft 

c local wing chord, ft 

c wing mean aerodynamic chord, 

Ce eleven chord, ft 

Ca eleven chord through centroid of eleven area, ft 

Cj. eleven reference chord, Cg, cos 6g, ft 

c-t tab chord, ft 

I length of body including portion removed to accommodate 

sting, ft 

M Mach nvunber 

M^ first moment of area of exposed eleven behind eleven hinge 

® line, ft 3 

M. first moment of area of exposed tab behind tab hinge line, ft^ 
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p rolling velocity, radians/sec 

q free-stream dynamic pressure, Ib/sq ft 

R Reynolds number based on wing mean aerodynamic chord 

r radius of body, ft 

ro majcimum body radius, ft 

S total wing area including the area formed by extending the 

leading and trailing edges to the plane of symmetry, sq ft 

Sg exposed area of eleven behind eleven hinge line, sq ft 

V free-stream velocity, ft/sec 


W 

X 


x» 

y 


a 





5e 


weight of assumed airplane, lb 

longitudinal distance from eleven hinge line measured in the 
chord plane of the wing (negative to rear of hinge line), ft 

longitudinal distance from nose of body, ft 

lateral distance normal to plane of symmetry, ft 

angle of attack of the body axis, deg 

left eleven deflection, with respect to wing-chord plane, 
measured in planes perpendicular to the eleven hinge line 
(positive downward), deg 

right eleven deflection, with respect to wing-chord plane, 
measured in planes perpendicular to the eleven hinge line 
(positive downward), deg 

differential eleven deflection, - 5e , deg 

L ^ r 


mean eleven deflection, , deg 

2 


5t 




I 


tab deflection, with respect to elevon-chord plane, measured 
in planes perpendicular to the tab hinge line (positive 
downward) , deg 

left tab deflection, deg 
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right tab deflection, deg 

differential tab deflection, 6-^^ - 6-^^, deg 

eleven deflection correction due to applied hinge moment 
(additive), deg 

tab -deflection correction due to applied hinge moment 
(additive), deg 


wing-tip helix angle, radians 
drag coefficient, 

q.S 

eleven load coefficient based on eleven load normal to wing- 

, , eleven load 

chord plane, 

Q.^e 

eleven hinge-moment coefficient, elevon hinge moment 

2iMa, 


tab hinge-moment coefficient,- 


tab hinge moment 


lift coefficient. 


lift 

qS 


pitching-moment coefficient about the 25 -percent point of the 

pitching moment 

wing mean aerodynamic chord, — 

q.Sc 


rolling -moment coefficient. 


rolling moment 
qtSb 


= - 10 ° 


lift effectiveness parameter, 
per deg 


pitching -moment effectiveness parameter, 

(^m )5 o ” 

^e = -lo '-’e = o 


~ o 

e = o 


-10 


■;]£ 

- 10 ^ 


, per deg 


rolling-moment effectiveness parameter, 
at &ea = 0^ 

CONFIDENTIAL 


: 




measured 


NACA RM A53F03 


CONFIDENTIAL 


5 


MODEL 


The model used in this investigation was the one used in the tests 
reported in reference 2. Figirre 1 is a photograph of the model mounted 
in the wind tunnel, and figure 2 is a drawing of the plan and front views 
of the model showing some of the model dimensions . For a more detailed 
description of the model, see table I. 


TESTS 


Tests of the model were made to determine the effectiveness of the 
constant-percent-chord trailing-edge elevons as a lateral control device 
and to determine the effectiveness of constant-percent-chord inset tabs 
in reducing the eleven hinge moment. The majority of the tests were 
conducted throughout a range of Mach numbers from 0.24 to 0.95 at a 
constant Reynolds number of 3-0 million. The test data were obtained 
for a differential eleven deflection of 10 ° with mean eleven deflections 
of 0 ° and - 10 ° in combination with tab deflections of 0 ° and 5 °; some 
additional data were obtained for differential eleven deflections of 20 °. 
Data for Reynolds numbers up to 15 .O million for differential eleven 
deflections of 20° were obtained at a Mach number of 0.24. 


CORRECTIONS TO DATA 


By the method of reference 3^ "the data presented herein have been 
corrected for the induced effects of the wind-tunnel walls resulting 
from lift on the model. The magnitudes of the corrections which were 
added to the measured values are 

Ao. = 0.26 Cji^ 


ACj 3 = 0.0046 Cl^ 

The induced effects of the tunnel walls on the pitching moment, hinge 
moment, and rolling moment were calculated and found to be negligible. 

Corrections for the effects of constriction due to the wind-tunnel 
walls were calculated by the method of reference 4. These corrections 
were calculated for the model at 0 ° angle of attack and were applied to 
the data throughout the range of angles of attack. At a Mach mamber of 
0 . 90 , the correction amounted to an increase of about 2 percent in the 
dynamic pressure. 
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The effect of the interference between the model and the sting 
support on the aerodynamic characteristics is not known. It is believed, 
however, that the main effect of the sting was to alter the pressure at 
the base of the model body; consequently, the pressure at the base of the 
model was measured, and the drag data were adjusted to correspond to a 
base pressure equal to free-stream static pressure. 

The basic data have not been corrected for the change in eleven and 
tab angles due to the deflection under load of the hinge-moment strain 
gages; however, the summary plots have been adjusted to account for these 
angle changes. In order to facilitate correction of the data, there is 
given in figure 3 a simomary of the deflection of the elevens and tabs due 
to applied hinge moment at various values of Mach number and Reynolds 
number . 


RESULTS 


The basic data are presented graphically in figures i)- through 17 and 
show the variation of the angle of attack, drag coefficient, pitching- 
moment coefficient, and rolling-moment coefficient with lift coefficient; 
the variation of elevon and tab hinge moments with angle of attack; and 
the variation of elevon load coefficient and the center of pressure of 
elevon load with angle of attack. All basic data are given for uncor- 
rected values of elevon and tab deflection. Pitching -moment data are 
presented about a moment center at the 25-percent point of the wing mean 
aerodynamic chord. Table II lists the figures presenting the basic data 
and shows the range of variables covered by the tests at each Mach number 
and Reynolds nimiber. 

A summary of the effects of compressibility on the lift, pitching- 
moment, and rolling-moment effectiveness parameters and on the wing-tip 
helix angle is presented in figures l8 through 20 . Results of applica- 
tion of the data to estimate the lateral control characteristics of an 
assumed airplane geometrically similar to the model are presented in 
figure 21 . The data of reference 2 , for equal deflection of the two 
elevons, were utilized in obtaining some of the aerodynamic characteris- 
tics presented in figures l8 through 21. 


DISCUSSION 

Lift and Pitching Moment 


The effect of differential elevon deflection on the lift and 
pitching-moment effectiveness of the elevons for Mach numbers up to 0.95 
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is sxunmarized in figure l8. An increase of differential eleven deflection 
resulted in a decrease in effectiveness, except at the lower Mach numbers, 
with the greatest decrease occurring at a Mach number of about 0.80. 


Rolling Moment 


The effectiveness of the elevens in producing rolling moment is 
summarized in figure 19* The rolling-moment effectiveness for a mean 
eleven deflection of 0° increased with increasing Mach n\miber up to 0.90. 
A further increase of Mach number to 0.95 resulted in a slight increase 
in effectiveness for an angle of attack of 0° and a decrease for an angle 
of attack of 6°. A change of mean eleven deflection to -10° resxilted 
in a decrease in effectiveness at Mach mmibers above 0.50; the greatest 
decrease occixrred at a Mach number of about 0.90. An increase in angle 
of attack from 0° to 6° reduced the rolling-moment effectiveness at the 
higher Mach numbers but had little effect below a Mach number of O.60. 

The rolling moment was little affected by an increase of Reynolds number 
from 3*0 million to 15.O million at a Mach number of 0.2^ (figs. I6 
and 17) . 


Wing-Tip Helix Angle 


Theoretical values of the damping -in -roll (rate of change of rolling- 
moment coefficient with wing-tip helix angle) calculated by the method 
of reference 5 and experimental values of rolling-moment coefficient 
corrected for the effect of rolling velocity by the method of reference 6 
were used to calculate the helix angle generated by the wing tip in a 
steady equilibrium roll for differential elevon deflections of 10° and 
20 °. 


As shown in figure 20 for a differential elevon deflection of 10° 
there was little effect of compressibility on pb/2V for a mean elevon 
deflection of 0°; however, for a change in mean elevon deflection to -10°, 
pb/2V decreased with increasing Mach number at all but the lowest Mach 
mmibers. An Increase in differential elevon deflection from 10° to 20° 
approximately doubled the calculated pb/2V. At all test Mach numbers, 
the calculations indicate that the elevens were capable of producing a 
pb/2V in excess of that specified in reference 7 for fighter-type air- 
craft . 
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APPLICATION OF DATA 


In order to assess the merits of this particular wing plan form 
and control, the data have been applied to the prediction of the lateral 
control characteristics of a hypothetical airplane geometrically similar 
to the model. The wing span was assumed to be 30 feet; the wing area, 

U50 square feet; the wing loading, 4 o pounds per square foot; the center 
of gravity at 0.25 the control gearing, 2.0° per inch of stick 

travel. The assumed airplane was initially trimmed for straight and 
level flight at an altitude of 30,000 feet. 

In the application of the data, two types of lateral control have 
been considered: first, elevens directly connected to the control stick, 

second, tabs directly connected to the control stick so that movement of 
the stick changes the eleven deflection by changing the angle for zero 
hinge moment (eleven floating angle) . 

In the estimation of the stick force for steady rolling flight the 
airplane was assumed to roll about its longitudinal axis with zero yaw, 
to have a rolling moment equal to the damping moment caused by the wing 
rolling velocity, and to have a rigid wing. The stick force and the 
rolling-moment coefficient, which was used to calculate the wing-tip 
helix angle, were corrected for the effect of rolling velocity by the 
method of reference 6. 

The variation with Mach number of the calculated stick force and 
control deflection required to give various values of pb/2V are pre- 
sented in figure 21 (a). A wing-tip helix angle of O.O9 (rolling velocity 
need not exceed 220° per second) is considered necessary for satisfactory 
lateral control (ref. 7). The plain elevens were found to be capable of 
producing a pb/2V of 0.09 radian throughout the Mach number range with 
a differential eleven deflection of about 9° or less. With the servotab 
control the differential eleven deflection required for a given pb/2V 
was increased over that for the plain elevens, but the stick force was 
greatly reduced. For example, at a Mach number of 0.90, the stick force 
required to maintain a pb/2V of 0.03 could be reduced from about 4l5 
pounds to about 25 pounds by use of the servotab control. The servotab 
analysis was limited to the lower values of pb/2V because of the lack 
of data for tab deflections greater than 5°* 

Figure 21(b) presents the variation with Mach number of the calcu- 
lated rolling velocity and wing-tip helix angle for a constant stick 
force of 10 poimds. The servotab analysis was limited to this low value 
of stick force because of the lack of data for tab deflections greater 
than 5°. For both the plain -eleven and servotab control systems, the 
values of p and pb/2V decreased with increasing Mach number. 
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The variation of stick force and wing-tip helix angle with Mach 
number for a constant rolling velocity of 15 ° per second is presented 
in figure 2l(c). This value of rolling velocity was chosen for the 
comparison of the control systems because^ as specified under the emer- 
gency requirements (power control system inoperative) of reference 7, 
the minimum rolling velocity shall exceed 15° per second. The calculated 
stick force required to maintain the prescribed rolling velocity with the 
plain-elevon control increased rapidly with an increase of Mach number 
from 0.60 to 0.95^ whereas that for the servotab control was much smaller 
and increased more gradually with increasing Mach number. A stick force 
of 50 pounds was required to maintain a rolling velocity of 15 ° per 
second at a Mach number of O .85 for the plain eleven j the corresponding 
stick force for the servotab control was less than 3 pounds. 


CONCLUSIONS 


An investigation has been made of the lateral control characteristics 
of a constant-percent-chord, trailing-edge elevon on a pointed wing having 
an aspect ratio of 2. The effectiveness of inset tabs in reducing the 
elevon hinge moment was also investigated. The following conclusions are 
based on an analysis of the data: 

1. Generally, there was a decrease in lift and pitching -moment 
effectiveness of the elevens with an increase in differential elevon 
deflection. 

2. The rolling-moment effectiveness for a mean elevon deflection 

of 0° increased slightly with increasing Mach number; however, the effec- 
tiveness, for a mean elevon deflection of -10°, decreased with increasing 
Mach mmber. 

Application of the data to an assumed airplane with either a plain 
elevon control or an elevon with servotab resulted in the following 
conclusions : 

1. The plain elevens were capable of producing a wing-tip helix 
angle of 0.09 radian at all Mach numbers with a differential elevon 
deflection of about 9 ° less. 

2. The servotabs were effective in reducing the high stick forces 
associated with the plain-elevon control. 
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3 . A stick force of 50 poiands was required to maintain a rolling 
velocity of 15 ° per second at a Mach niimber of O .85 for the plain eleven 
control. With the servotab control, the corresponding stick force was 
3 pounds. 


Ames Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Moffett Field, Calif., June 3, 1953 
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TABLE I. - MODEL DIMENSIONS 


Body- 


Fineness ratio 

Basic 12.^ 

Modified for installation on sting 10.0 


Ratio of sting diameter to base diameter of body . . 0.89 
Wing 


Area, sq ft i+.0l4 

Aspect ratio 2.0 

Taper ratio 0 

Sweep, leading edge, deg 5^.31 

Sweep, trailing edge, deg 26.57 

Incidence, deg 0 

Dihedral, deg 0 

Section (streamwise) NAGA 0005—63 

Elevon 

Sweep, hinge line, deg 0 

Ratio of elevon chord to wing chord, ce/c 0.25 

Ratio of exposed elevon area to exposed wing area . . 0.25 
Gap between -wing and elevens, measured chordwise 

Right, in 0.015 

Left, in 0.025 

Gap between elevens and body, measured spanwise, 

5e = 0°, in 0.015 

First moment of area of exposed elevon behind 

hinge line, ft® 0.0699 

Tab 

Ratio of tab chord to elevon chord, c-^/cg 0.25 

Ratio of exposed tab span to exposed elevon span . . 0.40 
Ratio of exposed tab area to ejp)osed wing area . . . 0. 04- 

Gap between elevens and tabs, in 0.015 

First moment of area of exposed tab behind 

hinge line, ft® 0.00321 
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TABLE II.- INDEX TO BASIC DATA 


(a) Effect of elevon deflection 

Figure 

number 

Mach 

number 

Reynolds 

number 

Mean 
elevon 
deflection 
&e^ deg 

Differential 
elevon 
deflection, 
6ea^ deg 

Tab 

deflection, 

bt> 


0.24 

3.0 X 10 ® 

0, - 

10 

10, 

20 

0 

5 

.60 









6 

.80 









7 

.85 









8 

.90 









9 

.92 









10 

.95 





\ 

f 

> 

f 

11 

.24 





10 

I 


12 

.60 









13 

0 

00 

• 









Ik 

•90 









15 

.95 

N 

f 

V 


> 

f 

N 




(b) 

Effect of Reynolds number 




16 

0.24 

3.0, 5-0, 8.0, 

0 


20 

0 



15.0 X 10® 







17 

1 

\ 

1 

-10 

N 

i 

> 

l 



CONTIDENTIAL 


NACA RM A53F03 


CONFIDEUTIAL 


13 



Figure 1.- A photograph of the model in the Ames 12-foot 

pressiire wind tiinnel. 
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Equation of fuselage ordinates: 



AH dimensions shown in inches Air foil section , NACA 0005-63 

unless otherwise noted 



Figure 2.- Plan and front views of the model. 
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Figure 3r The variation with hinge-moment coefficient of the eleven 
and tab-angle corrections, AS, at various Mach numbers and 
Reynoids numbers. 
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Hinge-moment coefficient, Cf,f 
(b) A Sf 1^5 Chf 

Figure 3- Concluded. 
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-4 0 4 8 12 16 20 24 

Angle of attack, a, deg 

(a) Cl a, Cl Cq 

Figure 4.- The effect of differential eievon deflection on the aerodynamic characteristics 

ot a Mach number of 0.24. R, 3.0 million; 8f, 0^. 
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Figure 4.- Continued . 
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Figure 4.- Continued. 
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Hinge-moment coefficient, 
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(d) Cf,f vs a 
Figure 4.- Continued. 
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-4 0 4 8 12 16 20 24 

Angle of attack, a, deg 


(e) Cp a 
Figure 4.- Continued. 
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span wise and chord wise location of eievon load, 


ro 

ro 



Angie of attack, a, deg 



-4 0 4 8 !2 !6 20 24 

Angle of attack, a, deg 


(f) a, vs a 

Figure 4- Concluded. 
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{aj Ci_ KS cr. Cl Cq 


Figure 5, The effect of differential elevon deflection on the aerodynamic characteristics 

at a Mach number of 0.60. R, 3.0 million; Sf, 0^. 
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Pitching -moment coefficient, Cfn Roiiing-moment coefficient, Ci 


(b) Ci_ \/s Cff), Ci_ vs Cl 
Figure 5- Continued. 
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Angle of attack, a, deg 

(c) 

Figure 
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5.- Continued. 


ro 

\ji 


NACA RM A53F03 COHriDENTIAL 


Hinge-moment coefficient, C^, 


ro 

ON, 









1 1 1 'T " 











i 

' 1 

r// 















































































~I 
















p 









































<^e/f ^er> 

deg deg 

0 5-5 

u iO -!0 
0-5 -!5 

A 0 -20 















































IK L-. , 


-4 0 4 8 i2 !6 20 24 

Angie of attack, a, deg 


(d) Chf a 
Figure 5.- Continued. 
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Continued. 
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Figure 5- Concluded. 
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Figure 6.- The effect of differenfial etevon deflection on the oerodynomic choractertstics 

at a Mach number of 0,80, R, 5.0 million; 8f, O^. 
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Figure 6- Continued. 
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Hinge-moment coefficient, C/, 




(c) vs a 
Figure 6- Continued. 
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Figure 6- Continued. 
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Angle of attack, a, deg 



(e) Cf i/'s a 
Figure 6r Continued. 
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Spanwise and chordwise location of elevon load. 
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(f) ^'s a, 1^5 a 
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characteristics at a Mach number of 0.92. R, 3.0 million; Sf, O". 
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Figure to- The effect of differential eievon deflection on the aerodynamic 
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Figure H The effect of differential eievon deflection on the aerodynamic characteristics 

at a Mach number of 0.24. R, 3.0 million; Sf, 5®. 
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Figure 12- The effect of differential eievon deflection on the aerodynamic characteristics 

at a Mach number of 0.60. R, 3.0 million! Sf, 5°. 
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Figure f3 The effect of differential eievon deflection on the aerodynamic characteristics 

at a Mach number of 0.80. R, 3.0 million; Sf, 5®. 
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Figure !5 - The effect of differential eievon deflection on the aerodynamic 
characteristics at a Mach number of 0.95. R, 3.0 million; Sf, 5 ® 
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Figure !6 The effect of Reynolds number on the aerodynamic characteristics at a 

Mach number of 0.24. Sg,, 10^; -iO^; Sf, O^. 
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Figure 17 . The effect of Reynolds number on the aerodynomic characteristics at a Mach 

number of 0.24. Sq,, -20**; Sf, 0**. 
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Figure !8,- The variation with Mach number of the lift and pitching - 
moment effectiveness parameters , and , for various 

differential eievon deflections, . R, 3.0 million ; 8f , C?" . 
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Figure 19- The variation with Mach number of the rolling-moment 
effectiveness parameter , , for various vaiues of elevon 

defied ion and angle of attack. R, 3.0 million; Sf , O'*. 
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Figure 20.- The variation with Mach number of the wing -tip heiix angle for 
various e/evon deflections . R, 3.0 million ; 8f , O^ . 
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Figure 2!.- The variation with Mach number of the level flight 
steady rolling characteristics of the assumed airplane with two 
different control systems. Altitude, 30,000 feet i wing loading , 
40 pounds per square foot ; wing area , 450 square feet ; 
center of gravity at 0.25 c ; control gearing , 2.0^ per 

inch of stick travel. 
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